on different parts of the vascular tree has been employed to determine the contrasting mechanisms of chronic hypertension experimentally produced in dogs. The results suggest that the pattern of response depends on the state of the extrinsic regulatory mechanisms of the blood vessels rather than on intrinsic change in vascular musculature. Contrasting with chronic renal hypertension, greatly increased vasomotor function causes increased peripheral resistance in chronic neurogenic hypertension. The hypertension seems to us to be due more to this increase in resistance than to increased cardiac output. The pattern of vascular responsiveness in acute hypertension is different from the chronic and emphasizes the importance of distinguishing between the two phases of hypertension.
T HE USE of vasoactive drugs with varied sites of action might elucidate the different mechanisms underlying arterial hypertension. To this end, chronic hypertension was elicited by (1) chronic perinephritis, a renal type, (2) buffer nerve resection and (3) cerebral ischemia, the latter two neurogenic types. In contrast, hypertension of brief duration was produced by infusion of adrenaline, 1-noradrenaline, renin and angiotonin, cerebral asphyxia, cerebral compression, perfusion of the brain with histamine and, finally, acute buffer nerve section.
The test drugs were adrenaline and noradrenaline, the one predominantly cardiac and the other peripheral iD action; angiotonin and barium chloride, with primarily myotropic action; histamine, with primary action on arterioles and capillaries; veratrum viride, with action on the von Bezold cardiac reflex and the sympathetic system; tetraethylammonium chloride (TEAC), with primarily autonomic ganglionic blocking action; and, in small doses, sodium azide, an enzyme poisoning agent which has a mixed action but chiefly affects the peripheral circulation.'
Since there is fairly wide spontaneous variability in different animals and in the same animal at different times2 it was necessary to use large numbers of dogs and to repeat the tests often. Using the animal as its own control and attempting to establish a trend in a large
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It will be evident after the results are examined that a few drugs do, in fact, characterize the mechanism underlying certain types of hypertension by forming a response pattern which may be helpful in the analysis of mechanism in patients. Doubtless many more revealing drugs will be found.
METHODS
These were described for tests of reactivity by Page and Taylor.2 Paritol satisfactorily replaced heparin in the tubing to the manometers. We have also used an intratracheal tube. Most of the dogs received a prophylactic dose of penicillin at the conclusion of the experiments. They were kept hydrated by a slow intravenous drip of normal saline throughout the test period.
We would like to emphasize again that, unless arterial pressure is recorded continuously so that the entire curve may be inspected, tests of reactivity are highly precarious. Periodic measurements of arterial pressure at arbitrarily chosen intervals, so frequently done in patients, are inadequate.
NEUROGENIC HYPERTENSIONS (la) Chronic Hypertension from Buffer Nerve
Section ("Carotid Sinus Hypertension") Chronic experimental neurogenic hypertension in dogs is not a constant hypertension, but one associated with wide fluctations in arterial pressure. This variability persists during hours of observation under sodium pentobarbital anesthesia, so that there is opportunity to compare vasoactive drugs at various arterial pressure levels during the same experiment.
Circulation, Volume IV, July, 1951 Fortunately, marked fluctuation in arterial pressure is usually limited to the first, part of the experiment and after one to one and onehalf hours a reasonably constant hypertensive level is assumed. This change will occur independlently of intravenously given fluids but may often be hastened by small amounts of saline or multiple small doses of noradrenaline.
These dogs are very sensitive to sodium pentobarbital. To our dismay, the customary (lose given intravenously to normal dogs (32 mg. per Kg. of body wlseight) resulted in respirat ory depression, vascular collapse and death. The reasons for this increased susceptibility are not apparent.
Extreme hypotension an(l even cardiac standstill occurred, although the animal was maintaine(l on artificial respiration. The possibility that cerebral anemia as the result of carotid occlusion might have been primarily responsible for increased susceptibility was excluded by section of the nerve of Hering alone, instead of excision of the whole sinus. A safe initial dose was 16 mg. per Kg. sodium pentobarbital intravenously, given slowly, and followed by multiple small (loses at In 4 hypertensive dogs exhibiting especially prominent, diphasic responses to adrenaline, the sympathetic ganglions from T-1 to T-9 inclusive were removed bilaterally, thus depriving the heart of its sympathetic innervation. In 2 of these animals, the heart was completely denervated by section in the chest of all vagal fibers and +30 respectively after. Clearly, with rise in pressure, responsiveness fell sharply. When the blood pressure returned spontaneously to control levels, responsiveness again increased, adrenaline + 32 and noradrenaline +42 mm. Hg.
TEAC responses conformed to no regular pattern. The first one or two injections ( the responses to adrenaline and noradrenaline significantly and the depressor effect of histamine slightly. Tetraethylammonium was only slightly less hypotensive than normal (table 2) . If the denervation was completed, responsiveness to all of these drugs increased except for tetraethylammonium, which became very slightly depressor, diphasic or more usually pressor. Veratrum gave only pressor responses while adrenaline, as noted above, often gave a depressor response after complete denervation. trast to chronic neurogenic hypertensives, these dogs were not abnormally sensitive to pentobarbital.
Responses to adrenaline, noradrenaline, barium chloride, angiotonin'2 and renin were not abnormal even when the average pressure was as high as 250 mm. Hg. Tetraethylammonium produced its usual lowering of pressure, and, after repeated injection, augmentation of adrenaline and noradrenaline occurred just as in normal dogs. An example of this In the neurogenic hypertensive dogs, cardiae sympathectomy caused the diphasic adrenaline response to be replaced by pure pressor action and the noradrenaline responses to be augmented ( figure 5 . Verat rum and sodium azide responses were slightly decreased.
Contrasting Keith renal hypertensives, normotensive nephrectomized animals (one to two days after operation) showed moderately increased responses to adrenaline and noradrenaline and marked increase to angiotonin and renin. Sodium azide and barium chloride were unchanged. A striking change w-as the reversal of the depressor effect of tetraethylammonium to a pressor effect when the initial dose was given. This was not invariable but was usual.
(2b) Malignant Renal Hypertension
Three dogs developed malignant hypertension as a result of cellophane perinephritis, one having an extremely rapid, fulminating course and dying two weeks after the first rise in pressure. The other 2 gradually entered the malignant phase after renal hypertension was well established; they tolerated the disease well over a period of weeks. The first dog, tested during the period of rapidly rising pressure, showed a striking increase in reactivity to adrenaline, noradrenaline and histamine com-ACUTE HYPERTENSION CHEMICALLY INDUCED We think it important to distinguish between hypertension of long standing and that elicited acutely. The following experiments were performed to determine whether the acute variety, produced by substances which may also be the cause of the chronic, would cause changes in reactivity similar to those in animals with chronic experimental hypertension. After control values for the test drugs were determined, hypertension was produced by infusing into (table 2) . Follownium always produced a rise rather than a fall ing its injection, only slight augmentation of in blood pressure. response to adrenaline and noradrenaline was
The same pattern of response was observed observed.
during angiotonin infusion after section of the The same responses were seen in dogs in spinal cord at C-6. which the spinal cord had been severed at C-6 the day before the experiment. Atropine (1.2 (3d) Acute Renin Hypertension mg.) was given just before the infusion of
The pressor action of adrenaline and noradrenaline.
adrenaline were moderately reduced; in some The effects on vascular reactivity were almost identical with those described for adrenaline hypertension (table 2, fig. 7 
DIscUSSION
One of the results of this investigation was refutation of the "common sense" belief that smaller responses to pressor vascular stimuli may be expected at high blood pressure levels in well established chronic hypertension. re-gardless of the mechanism of elevation. It has been assumed that the ability to raise blood pressure is already taxed and little more can be expected. This is far from true. We have many times seen the same rise when the average pressure was 170 as when it was 260 mm. Hg. Injected renin raised the pressure in a renal hypertensive dog from 272 to 340 mm. Hg, which is somewhat more than we would have expected with this dose of renin had the initial pressure been normal. While lower pressures, Whenever possible, the animal acted as its own control by being tested before hypertension was induced. Each dog received from three to eight separate tests over a period of weeks or months. No substitute has been found for careful evaluation of the blood pressure tracing on kymographic records and for repetitive injections of the test drug.
Chronic experimental hypertension should be differentiated from the acute, brief variety induced by infusion of chemical agents or nerve ful. If it should prove true, future research would be directed into somewhat different channels than if it were not.
The effect of carbon dioxide inhalation supports this view. Contrary to certain earlier physiologic work, it has now been shown that the effect of carbon dioxide on vascular reactivity is primarily mediated by sympathetic ganglions rather than directly on the vascular muscle itself."4 The differences between the responses of the neurogenic and renal hypertensive to carbon dioxide seems, in part, to lie in the autonomic nervous system rather than in the blood vessels themselves. In neurogenic hypertension, its enhanced action on the vasoregulatory function of the autonomic system is of prime importance, while in renal hypertension the vasodilator function is no greater than in normal animals.
The vascular response pattern in sympathectomized dogs without hypertension also lends some support. Adrenaline is irregular in its action, sometimes producing a fall in pressure an(1, more often, an augmented rise. Noradrenaline is greatly augmented; angiotonin, barium chloride and sodium azide are only moderately augmented. Because of the interrupted nerve pathways, the actions of both veratrum and tetraethylammonium are sharply reduced. Thus, drugs dependent for their action on the sympathetic nervous system lose their characteristic effects after sympathectomy. On the contrary, drugs dependent on the'musculature of the vessels and heart exhibit their characteristic actions in increased degree because of the loss of inhibitory sympathetic functions.
According to Olsen, Schroeder, and 'Menhard,'5 renal hypertensive rats exhibit greater response to adrenaline and noradrenaline and much less to isoamylamine than normal. Phenylethylamine and tyramine gave the same responses in both. The observations obviously differ from ours in dogs and do not support the hypothesis that the mechanism of constriction in blood vessels is unchanged in chronic hypertension regardless of its origin.
After the establishment of chronic neurogenie hypertension, the response to the usual pressor dose of adrenaline is pressor, diphasic or frankly depressor. We have found the latter two types of response so frequently, it seemed of value to learn more of their mechanism. Fortunately, it was soon found that cardiac sympathectomy completely abolished diphasic and depressor responses, leaving the pure pressor.
We believe these results may be explained, on the basis of Ahlquist's work,'6 as due to failure of the reflex neurogenic vasodilatation to occur after cardiac sympathectomy during the acute pressor action of adrenaline before the adrenaline acts directly on the vascular musculature. Failure of this reflex would allow arterial pressure to increase progressively rather than rise initially and then fall. The depressor action of azide is essentially unchanged regardless of what chemical was infused to produce the acute hypertension. This again suggests that as long as the muscle receptors are not saturated as a result of the continuous infusion of the drug, they are able to respond normally, no matter how the blood pressure was raised. The responses to barium chloride are also consistent with this view.
The response to veratrum (Veriloid) was little changed during acute hypertension except in hypertension due to angiotonin and increased intracranial pressure where it, was somewhat reduced. That veratrum could still initiate the von Bezold reflex and decrease sympathetic vasoconstriction during periods of acute hypertension is surprising and emphasizes the remarkable ability of the body to hold protective mechanisms in reserve, even under adverse hemodynamic conditions.
Although the results of this investigation may find application in the analysis of reactivity of hypertensive patients, we shall not at present discuss the problem, but certain special cases may be mentioned in which the physiologic mechanisms receive some clarification. Mayock and Rose2" pointed out that before the removal of a functioning pheochromocytoma, patients are insensitive to adrenaline. We have observed insensitivity to the infused drug when acute hypertension has been established which is not extended to other, chemically unrelated, pressor or depressor substances.
The profound depression of blood pressure after discontinuing infusions of adrenaline and noradrenaline has been noted by many observers and called "adrenaline shock." Our animal experiments agree with those of Green and associates2' on patients in the rough correlation between the height of the initial pressure and the depth of the postinfusion depression. As estimated by this, vasodilator capacity in hypertensive animals is certainly not impaired.
From a small experience with dogs in the malignant phase of hypertension, sensitivity increases early to be followed by progressively waning response as death approaches. Myotropic substances such as angiotonin and barium chloride were augmented relatively more in the early phase and less in the terminal phase than the other test drugs. SUMMARY 1. The response to vasoactive drugs of chronically hypertensive dogs is not prescribed by the height of the arterial pressure or light pentobarbital anesthesia.
2. Dogs with chronic neurogenic hypertension from buffer nerve section are highly sensitive to pentobarbital and tetraethylammonium and less sensitive to sodium azide, veratrum and histamine. Adrenaline, noradrenaline and barium chloride responses are unchanged from normal. The same general pattern is seen in chronic cerebral irritative and ischemic hypertension and in acute hypertension due to increased intracranial pressure and to section of the buffer nerves. The patterns in cerebral histaminic hypertension, and after total lumbodorsal sympathectomy, spinal cord section at C-6, cardiac sympathectomy and cardiac denervation, are entirely different.
3. Chronic renal hypertensive dogs respond normally to the test drugs. In early malignant hypertension, responses are increased, to be reduced in the terminal phase. Pressor responses to tetraethylammonium were noted on initial administration, much as after nephrectomy.
4. Acute hypertension elicited by infusions of adrenaline, noradrenaline, renin and angiotonin, are alike in the quick loss of response to test doses of the infused drug and the uniform pressor action of tetraethylammonium. The pattern of reactivity differs from that in chronic hypertension.
5. 
